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Chapter 3 electric motors. A drive train which consists of gears or
Drill Rigs and Appurtenant Equipment hydraulic pumps is used to convert the power supply to

speed and torque for hoisting and rotating the drilling
equipment. Most units have a transmission which allows
4 to 8 speeds for hoisting and drilling. In general, the
hoisting capacity of the drill rig governs the depth of the
borehole. A rule of thumb for selecting the power source
is the horsepower which is required to hoist the drill rods
should be about three times the horsepower which is

3-1. Introduction

A number of commercially available drill rigs and acces-
sories are satisfactory for performing conventional drilling

and sampling operations or for conducting in situ tests. required to turn the drill string. For high elevations, the

Although some types of drill rigs are more readily o\er |oss is about 3 percent for each 300 meters (m) or
adapted to specific work, the selection of the drill rig and 1 g0 feet (ft) above sea level.

appurtenant equipment is usually based upon the require-
ments of the geotechnical investigation. Factors which
may affect the selection include site accessibility, the type
or hardness of material to be sampled and the degree o

disturbance which is acceptable, equipment availability, cooling the bit. Compressed air has been used to a lim-

time and mobilization costs, the number of personnéljq extent, especially for water sensitive formations.

required, plant rental costs, etc. A discussion of various cjear.ater and bentonite-based drilling muds are the
types of drill rigs and accessories and appurtenant €quipy ok horses for geotechnical investigations.  Drilling
ment, including those apparatus to advance and stabiliz i4s are discussed in Chapter 4.

the borehole, is presented in this chapter. The discussion
of sampling devices is presented in Chapters 5 through 8. 14 irculate driling mud, a pump and hoses, a water

swivel, and a settling system are required. The two most
common types of pumps that are available are the pro-

. . - gressive cavity type and the triplex piston type. Both
Drill rigs vary from small electric motors to large oil field types of pumps can be used for driling mud or clear

rigs. The basic elements of an aboveground drill rig are .- pressures ranging from O to 4.5 megapascals

the power source or motor, a pump or air compressor for(MPa) or 0 to 650 pounds per square inch (psi) at flow-
circulating drilling fluid to the bit and cleaning the bore- 4o of 0 to 130 cubic decimeters per minute Ydnin)

hole, a drill head, hoisting drums and cables', a derrick', Aor 0 to 35 gallons per minute (gpm) are needed for most
mounting platform or deck, and assorted equipment whichyeqechnical drilling operations. The progressive cavity
mclgdes one or more ham.mers for driving apd removing (o Moyno) pump is used for most geotechnical opera-
casing, a portable mud pit, racks for stacking the drill o5 |t can pump drilling mud in great capacities at low
rods and samples, and small tools for coupling or UNCcoup-prassures. The efficiency of the pump is about 80 per-

ling and hoisting the drill string, etc. A discussion of the .ot Eor deep borings or when a high-efficiency pump is
basic c'omponents .of commonly used drill rigs is pre- needed, the piston pump can be used. The pumping sys-
sented in the following paragraphs. tem is usually mounted as a part of the drill rig using the
. same power source although a separate pump system can
a. Power source A power source or mOtOr IS pe sed, depending on the requirements of the investiga-
required to operate a drive weight mechanism for percus-jon and the capabilities of the drill rig. The accessories
sion or churn drilling or to provide rotary motion to turn hih are needed depend upon whether compressed air or
augers and coring equipment for rotary drilling operations. gyijjing mud is used. If drilling mud is used, a settling pit
Other requirements include operating a winch for raising js needed to permit the cuttings to settle before the drill-
and lowering the drilling and sampling equipment, provid- g fid is recirculated. The design of the settling pit
ing downward pressure for pushing boring and sampling may pe very crude or sophisticated. However, portable

equipment, or lifting and dropping a hammer to drive 4 pits which are illustrated in Figures 4-5 and 4-6 have
casing or sampling equipment. For most drilling and peenysed with success for geotechnical investigations. If
sampling operations, the power source is the power takeétompressed air is used, the upward flow is ejected
off from the truck motor on wh|ch.the dn_IImg_ machme is through a vent at the top of the borehole into a hose to a
mounted or from a separate engine which is assigned oty cione or collector buckets. Other accessories which are

attached as an integral component of the drilling rig. Itis hecessary include low-pressure and/or high-pressure swiv-
e_stlmated t_hat 90 percent of the motors are gasolmg Olgls, hoses, and pop-off valves. If the swivel which is
diesel engines and 10 percent are compressed air or

b. Fluid pump and accessoriesDrilling fluid, such
as compressed air or drilling mud, is required for remov-
fng the cuttings from the drill bit and the borehole and

3-2. Drill Rigs
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mounted on the chucked rod is used for hoisting, it should2-1/2 m (8 ft) differential between the top of the borehole
be heavy duty to ensure that it will not break as the drill and the groundwater table to support walls of the bore-
string is lowered into or removed from the borehole. hole. The reverse circulation method does not work well
if cobbles larger than the inside diameter of the drill pipe
(1) Circulation of drilling fluid. Normal circulation  are encountered. If too many cobbles are encountered
of drilling fluid consists of pumping the drilling fluid into  and cannot be removed from the boring, the bit should be
the borehole through the kelly and drill string, around the withdrawn and a bucket auger can be used to clean the
bit, and upward through the annular space between thebottom of the hole. When clay is drilled, the cuttings
drill rods and the walls of the borehole. The velocity is may tend to build on the blades of the bit because of
high past the drill bit which helps to clean the cuttings ineffective cleaning due to the low velocity of the drilling
from the bit. This method works well for smaller diame- fluid past the bit. If this problem occurs, the bit cannot
ter borings. However, for larger diameter borings, the be advanced. It must be pulled and cleaned before addi-
return velocity of the drilling fluid is too small to carry tional drilling can be done.
the cuttings to the surface. To enhance the carrying
capacity of the drilling fluid, two options are available. c. Drill head. Perhaps the single most important
Bentonite clay can be added to the drilling fluid to component of the drilling rig is the drive head or drill
increase its viscosity. Unfortunately, this procedure is head. Its primary functions include rotating and hoisting
unacceptable for certain operations, such as drilling wateror pull down of the drilling tools. Some drill heads have
wells, because the mud cake cannot be easily washedhe capability of being rotated from vertical to horizontal
from the walls of the borehole. An alternative procedure for drilling vertical or inclined holes. Drill rigs may also
is using reverse circulation. be equipped with a special “gate opening” drive head
which can be swung aside to permit removal of drill rods.
(2) Reverse circulation of drilling fluid The reverse  The principal disadvantage of this type of drive head is
circulation drilling procedure, as the name implies, con- the looseness or wobble which may develop as a result of
sists of feeding the drilling fluid into the borehole by wear of the system. The gate opening drill head is being
gravity and pumping it out through the drill rods. A jet replaced with a solid drill head sliding table which can be
eductor and hoses to connect the eductor to the circulatiormoved forward or back to permit removal of the drill
system are the only additional pieces of equipment whichrods.
are needed as compared to normal circulation of the drill-
ing fluid. To use reverse circulation, water is pumped Drilling tools are connected to the drill head by a fluted
from one end of the sump, through the eductor, andor square thick-walled pipe or “kelly” rod which runs
returned to the opposite end of the sump. As the water isthrough the drive head. The kelly is designed to move up
pumped through the eductor, a vacuum is developed.and down through the drill head as it is rotated. Torque
This vacuum is used to remove the drilling fluid from the is applied to the kelly through bevel gears in the drive
borehole by reducing the head of water in the drill rods ashead. The speed of rotation varies over a wide range.
compared to the head in the annulus of the borehole. TheThe top of the kelly is fitted with a swivel which permits
velocity of the drilling fluid is low in the annulus between the drilling fluid to be pumped through the kelly and drill
the drill rods and the walls of the borehole but is very rods to the drilling and sampling tools. Some types of
high inside the pipe. When the reverse circulation methodswivels have been designed for use in conjunction with
is used, the inside diameter of the drill pipe should be the pulldown mechanisms on drill rigs.
larger than that used for the normal circulation method to
permit the cuttings to be carried to the surface. Two basic choices for controlling the rate of advance or
feed of the drilling or sampling apparatus are available.
The reverse circulation procedure is useful for drilling The screw feed advances the spindle through gears and a
water wells, for drilling cohesionless soils, or for drilling feed nut. This technique forces the spindle downward at
holes 30 centimeters (cm) or 12 inches (in.) diametera set ratio of advance to rotation of the drill string; typi-
(diam) or larger. The lower velocity in the borehole and cally, three or four ratios are available. The hydraulic
at the bit tends to cause less damage to the formationdrive and the chain or cable pulldown techniques are
The higher velocity in the drill pipe causes more effective more flexible and reliable and are gradually replacing the
removal of the cuttings from the borehole. However, screw feed method. In general, with other factors being
there are several limiting conditions. The reverse circula-equal, the hydraulic drive mechanism is capable of
tion procedure cannot be used if the groundwater table isdeveloping greater thrusts than chain- or cable-pulldown
too high. As a rule of thumb, there must be at least a mechanisms.
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(1) Hydraulic drive Oil-operated hydraulic drive rope system or a special wireline hoist for recovering the
systems on drill rigs are the most satisfactory drive mech-inner core barrel for wireline drilling.
anisms for conducting undisturbed sampling operations.
Most hydraulic drive systems consist of two cylinders The typical drum hoist is controlled by a brake and a
which are attached to the drive head. A manual or auto-clutch. The cable on the drum hoist must reach from the
matic chuck, which is located in the drive head, consistshoist to the sheave on the derrick and back to the drill
of three or four jaws which grip the kelly to transfer deck. Its advantages include a high gear reduction which
thrust from the hydraulic cylinders to the drill rods. Dur- allows for powerful, low-speed hoisting capabilities. This
ing drilling operations using a manual chucking system, feature permits feather smooth lifting characteristics for
the hydraulic cylinders are activated to raise the drive lowering or raising the drill string without jarring or jerk-
head, the kelly is chucked, and a drive is made. Whening. However, the drum hoist system is not acceptable
the drive head has been moved a distance equal to théor lifting and dropping the hammer for the Standard
stroke of the hydraulic cylinders, which is usually 0.6 to Penetration Test (SPT) that is discussed in Appendix B.
0.9 m (2 to 3 ft) of travel, the kelly is unchucked, the
cylinders are raised, and the kelly is rechucked for The cathead and rope system is handy for driving casing,
another drive. If an automatic chuck is used, the chucklifting and dropping the hammer for the SPT, picking up
will only grip the kelly during the downward movement heavy accessories, and for conducting wash borings. It
of the drivehead. Figure 3-1 shows a typical truck-moun- consists of a cathead, a sheave on a derrick, and a manila
ted rotary drill rig with an hydraulic drive system. Fig- rope. This system can be used to lift moderately heavy
ure 3-2 identifies a number of specific elements, such asobjects at medium lifting rates.
cathead, jaw chuck, and rotary table, on a typical truck-
mounted rotary drill rig. The wireline hoist system which is used for wireline
drilling is a high-speed, low-capacity system. The wire-
(2) Chain pulldown Drill rigs equipped with chain line hoist system must be equipped with sufficient cable
pulldown drive mechanisms are satisfactory for undis- to reach from the hoist to the sheave on the derrick to the
turbed sampling of some soils. The chain pulldown sys- bottom of borehole.
tem consists of chains located on each side of the kelly
which are connected to sprocket wheels located on the e. Derrick A derrick is a two- to four-legged frame
deck of the rig. The sprocket wheels are driven through aor mast which is equipped with a sheave for hoisting and
hydraulic transmission. The chain pulldown mechanism handling tools in and out of the borehole. It can also
applies thrust through a yoke which is attached to thesupplement as a frame for stacking drill rods during trips.
water swivel at the top of the kelly. Therefore, a special The design and height of the derrick is usually selected
adaptor is required to allow the piston rod extensions tobased upon the length of a drill rod and the type of drill-
pass through the swivel and be clamped in the drill rig ing which is normally conducted. For shallow borings,
mast when a fixed piston sampler is used. As comparedthe drill pipe is frequently 3 m (10 ft) sections. For
to hydraulic pulldown systems, chain pulldown systems deeper borings, longer drill pipe, i.e., ® © m (20 to
have a much longer stroke, i.e., 6 m (20 ft) or more. 30 ft), is normally used. For angled holes, a derrick with
Figure 3-3 shows a truck-mounted rotary drill rig with a an adjustable frame or legs may be desirable. Prior to
chain feed drive system. transport, the derrick is folded down on the drill rig; for
most rigs, this operation is performed by the use of
(3) Cable pulldown Undisturbed samples are seldom hydraulic cylinders.
obtained with a cable pulldown arrangement on a drill rig,
although cable pulldown mechanisms have sometimes f. Mounting platform With the exception of light-
been used to achieve long sample drives. Generallyweight portable units which are used in remote areas,
cable pulldown arrangements are used in remote, inaccesdrilling rigs are usually affixed to a mounting platform or
sible areas in conjunction with a block and tackle or a deck to permit leveling of the drill head before drilling
hand-operated winch to apply the driving power. and to prevent movement out of alignment during drilling
operations. The platform should be rugged enough to
d. Hoists Hoisting drums and cables are needed to permit the use of the full capacity of the drill.
raise or lower drilling tools and casing. Hoists on most
drill rigs traditionally consist of a single wireline drum Several types of drill mounting platforms can be used,
with cables and sheaves. These systems are frequentlgepending on the terrain, logistics, and depth of hole. On
supplemented on a part-time basis by the cathead andand, the drill may be mounted on a platform of
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reinforced timber cribbing or affixed to a truck or trailer. a. Drills for wash borings The wash boring refers
For rugged terrain, a smaller version of the truck-mountedto a process by which the borehole is advanced by a
rig may be mounted on skids and dragged. Lightweight combination of chopping and jetting to break the forma-
units, such as the hand-held vibratory sampling devices ortion and washing to remove the cuttings. The principal
hand-held augers, can be mounted on casing or a frameuse of the wash boring method is to advance the hole
work of drill pipe which has been driven into the overbur- between samples. The cuttings are not acceptable for
den. Land-type drill rigs mounted on barges, floating sampling because of the breakdown of the particles due to
platforms supported by pontoons of oil drums, or the the chopping action, the loss of fines during transport of
fixed platforms supported by piles or spuds are used forthe cuttings to the surface, and segregation of the cuttings
most nearshore marine work. Although a barge or float- in the sump tank. However, an experienced operator may
ing platform is more common than a fixed platform, the be able to distinguish changes of stratigraphy by the
disadvantage of the barge or float is that it moves with action of the chopping bit as well as by changes of the
tide and wave action, whereas the disadvantage of thecharacteristics of the cuttings.
fixed drilling platform is its expense.
The equipment to advance holes by the wash boring

g. Ancillary equipment A number of small tools method consists of a motor which is used to drive a cat-
and miscellaneous equipment are needed for the drill rig.head for raising and lowering the tools in the borehole, a
Driving weights, such as the 63.5 kilogram (kg) or derrick with a sheave through which a rope from the
140 pound (Ib) hammer for the SPT test and perhaps acathead is passed to the drilling tools, and a water pump
larger hammer, i.e., 113 to 181 kg (250 to 400 Ib) range, for jetting and washing the cuttings from the borehole.
for driving and removing casing are integral components During drilling operations, the drill string is lowered into
of the drill rig. Fishing tools for recovering drilling the borehole. Drilling fluid is pumped under pressure
equipment which has been lost in the borehole, bypasshrough the drill rods and bit to the bottom of the hole as
and pop-off valves for the fluid circulation system, the chopping bit is raised and dropped. Each time the
assorted safety hooks and hoisting tools, tools for coup-rods are dropped, they are rotated either manually by a
ling and uncoupling drill strings or augers, and spiders wrench or lever or mechanically by the rotary drill-rig
and forks for holding sections of drill rods or augers in drive. The rotation of the drill rods helps to break the
the borehole should always be carried on the drill rig. A material at the bottom of the borehole. The resulting cut-
short piece of casing which can be driven into the groundtings are carried to the surface by the drilling fluid which
prior to commencing the drilling operations should also be flows in the annulus between the drill pipe and the walls
carried on the drill rig; the casing can be used as a collarof the hole. Cuttings which are not removed from the
to prevent erosion or sloughing at the top of the boreholeborehole when the circulation of the drilling fluid is
caused by the action of the drilling fluid. Other equip- stopped tend to settle and become the upper part of the
ment may include racks for stacking drill rods and sam- next sample. The hole can usually be cleaned satisfactor-
ples. A number of small tools such as hand-held ily by raising the drill string slightly and circulating the
hammers, punches, adjustable wrenches, pipe wrenchesglrilling fluid until it is free of cuttings. Casing may be
pliers, vise grips, screwdrivers, allen wrenches, and hack-used, if necessary, to stabilize the walls of the borehole.
saws and hacksaw blades, as well as hard hats, first aid
kits, and this manual, should always be carried on the b. Churn drills The churn drill was one of the first

drill rig. types of drilling machines to be manufactured. Churn
drills are used extensively in the water well industry.
3-3. Types of Drills They are economical to operate and are useful for advanc-

ing a boring through boulder or rubble zones and can be
Drill rigs are designed to perform a certain type of opera- used for obtaining disturbed drive samples in soil and soft
tion. Rotary, churn, and percussion drill rigs are the mostshale. However, they can not be adapted to undisturbed
common, although a number of other types of rigs have sampling operations.
been designed and developed to perform site-specific
tasks, such as drilling shot holes in quarries. Of theseThe churn drill has no rotary features. Churn drilling
rigs, the rotary drill rig is widely used for geotechnical which is often called cable-tool drilling is accomplished
engineering investigations, whereas churn and percussiomy the up and down hammering or churning action of a
rigs are used more extensively for drilling water wells and chisel-shaped or a cross-shaped drill bit for spudding or
for construction operations, such as drilling holes for chopping. The drill bit is attached to a heavy steel weight
cast-in-place piles. on the drill string which frequently exceeds 450 kg
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(1,000 Ib). The drill string is suspended by a cable andrigs are driven by the power takeoff from the truck
tends to act like a plumb bob when it is raised and engine, although some drill rigs are equipped with
dropped. The churning action is accomplished by a walk-independent engines. Two general types of pulldown
ing beam on the drill rig. Churn drills may be truck or mechanisms are normally used. Truck-mounted rotary
trailer mounted and are generally powered by gasoline ordrill rigs equipped with a chain pulldown drive mecha-
diesel engines. nism are capable of drilling to depths of 60 to 300 m (200
to 1,000 ft). Hydraulic feed drive rotary drill rigs are
The procedures which are used to advance the boreholeapable of drilling to depths of 150 to 750 m (500 to
depend on the location of the water table and the type of2,500 ft). A total thrust capacity of approximately
soil which is encountered. Above the water table, a small45 kilonewtons (kN) or 10,000 Ib is required for undis-
amount of water should be poured into the borehole toturbed sampling in very stiff materials. Although the total
form a slurry with the cuttings. When the carrying capac- thrust on chain pulldown rigs may not be sufficient for
ity of the slurry is reached, it can be removed by bailing. undisturbed sampling in resistant soils, these rigs can be
After the cuttings have been removed, more water isused for disturbed sampling and vane shear testing.
added to the borehole and the procedure is repeated.
When drilling below the water table, it is not necessary to In addition to rotary drilling and sampling, rotary drill rigs
add water for the slurry. For clays, a small amount of can be used for bucket-auger drilling and reverse-
sand may be placed in the borehole to enhance the cuttingirculation drilling. For bucket-auger drilling, the rig
action of the bit. For sands, clay may be placed in the must be provided with a derrick for lowering and lifting
borehole to enhance the carrying capacity of the slurry.the bucket and an arm to convey the bucket away from
For unstable soils, casing may be added as the borehole ithe borehole to the dumping area. Telescoping kelly bars
advanced; in soft or cohesionless soils, the borehole carand a rotary table opening large enough to pass the bucket
frequently be advanced by bailing inside of the casing. permit drilling to depths of 12 m (40 ft) or more without
The diameter of the borehole typically ranges from 10 to adding extra drill stem. Rigs equipped for reverse
30 cm (4 to 12 in.). circulation must have a large rotary table opening that
will allow the passage of 10- to 15-cm- (4- to 6-in.-) diam
To obtain a sample, the drill bit and the short-stroke drill- flange-connected drill pipe.
ing jar are replaced with a hollow steel barrel and long-
stroke fishing jar for drive sampling. The long-stroke jars A number of other types of rotary drill rigs are available,
provide a slip joint link in the drill string that allows the depending on the requirements of the drilling operations.
top half of the jar and the drill string to be lifted and One of the most popular is the skid-mounted rotary drill
dropped while the bottom half of the jar and the samplerrig, which is merely a smaller version of the truck-
remain stationary. Holes which are drilled and sampled mounted rig. Skid-rigs are powered by air, electricity,
tend to be vertical because of the plumb bob action of thediesel, or gasoline. A skid-rig can be moved by its own
drill string. wireline winch, although the skids are usually arranged
for easy mounting on the frame of a truck. Skid-rigs
c. Rotary drills Rotary drill rigs are the workhorses normally employ a hydraulic pulldown drive mechanism
of most geotechnical engineering drilling and sampling and may be equipped with a derrick. Derricks for skid-
operations. In general, boreholes are advanced by rotaryigs are lightweight and sometimes can be moved inde-
action coupled with downward pressure applied to the pendently of the rig. The drill head can be rotated
drill bit plus the cleaning action of the drilling fluid. 360 deg for drilling horizontal or inclined holes. Skid-
Samples may be obtained by rotary coring or by pushingrigs are used primarily for rock coring, although they may
a thin-walled tube into the foundation material at the be used for soil sampling in areas inaccessible to trucks.
desired depth. The rated capacity of rotary drill rigs, Large rotary drill rigs are usually trailer-mounted and
unless otherwise noted, is usually based on the perforequipped with independent power units. The trailer-
mance in a 75-mm or a 3-in.-diam (NX) hole. Most drill mounted rigs are generally less mobile and less con-
rigs are mounted on a truck, trailer, tractor, or all-terrain venient for soil sampling than truck-mounted rigs.
vehicle or on skids, although post-mounted drill rigs or Tractor-mounted rotary drill rigs may be used in rough
portable units are sometimes used in remote or inaccessiterrain, whereas rigs mounted on heavy duty all-terrain
ble areas. vehicles can be used for drilling in marshy and swampy
areas. In areas of extremely difficult accessibility, such as
Most truck-mounted rotary drill rigs can be used for drill- nearshore sites and marshy and swampy areas, lightweight
ing, sampling, and in situ testing. Generally, rotary drill post-mounted rotary drill rigs, powered by electricity or
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gasoline, have been used. For drilling in mines or tunnelis being connected to the double-wall casing. Plugged
shafts and drifts, rigs mounted on double-end bearingbits are used to obtain Becker penetration resistance
posts may be used. which is discussed in Appendix C. Soil, which is col-

lected by a cyclone during drilling operations, is shown in

d. Hammer drills Hammer drilling consists of Figure 3-9.

driving or rotating plus driving a drill to advance the
borehole. Hammer drilling is analogous to an air- The elements of the Becker hammer drill include an air
operated jackhammer with an attached bit. It works well compressor, mud pump, either a double- or single-acting
in medium to hard rock that is somewhat friable and diesel pile hammer, rotary drive unit, hydraulic hoist,
brittle. Borings advanced by hammer drilling are satisfac- casing puller, mast, and cyclone. The double-wall
tory for taking disturbed samples provided that the mater-threaded casing is specially fabricated from two heavy
ial in the bottom of the borehole can be considered aspipes which act as one unit. It has flush joints and
representative. However, undisturbed samples should notapered threads for making and breaking the casing string.
be obtained from boreholes advanced by hammer drilling.The standard casing is 14.0- to 16.8-cm (5-1/2- to
Hammer drill rigs may be truck-, trailer-, or wagon- 6-5/8-in.) OD by 8.3- to 8.7-cm (3-1/4- to 3-7/16-in.)
mounted. Bits usually have carbide blade inserts or car-inside diameter (ID). The chisel-type bits are made of a
bide button inserts attached to the cutting edge. Thetempered steel and nickel alloy. The principal advantage
diameter of the boreholes ranges from 10 to 40 cm (4 toof the Becker hammer drill includes a rapid and inexpen-
16 in.). sive method for drilling bouldery materials. The principal

disadvantage of this method of drilling is that when com-

(1) Becker hammer drill A special type of hammer pressed air is used, the pressure at the bottom of the cas-
drill, called a Becker hammer drill, was devised specifi- ing is reduced far below the hydrostatic pressure from the
cally for use in sand, gravel, and boulders by Becker groundwater table. Hence, the flow of groundwater into
Drilling, LTD., of Canada. The Becker hammer drill the borehole can disturb the material at the bottom of the
utilizes a diesel-powered pile hammer to drive a specialboring. If a boulder is encountered, sand surrounding the
double wall casing into the ground without rotation. As boulder may be sucked into casing. As a result, the sam-
the casing is driven by the pile hammer, drilling fluid is ple is nonrepresentative, and the recovery ratio could
pumped to the bottom of the hole through the annularexceed 100 percent.
space between the two pipes. Either air or water can be
used as the drilling fluid. A toothed bit which is affixed (2) Becker CRS drill A modification of the Becker
to the bottom of the casing is used to break material with hammer drill is the Becker CRS drill. This drill uses
blows of the hammer. Broken fragments or cuttings are twin-tube drill rods with a modified tri-cone roller bit at
returned to the surface through the center of the casingthe bottom of the rods. To advance the borehole, the drill
At the surface, the return flow is ejected through a vent in string is hammered and simultaneously rotated. Air is
the casing to a hose which leads to a cyclone or to col-normally used as the drilling fluid, although water or an
lector buckets. The cuttings which are collected can beair-water mixture can be used. The drill bits have an
observed to give an idea of the materials which have beerppen center to obtain samples. The Becker CRS drill is a
drilled. If necessary, drilling can be stopped and sam-fast, economical method for drilling holes or casing
pling can be done through the inner barrel using a split- through overburden to obtain rock. The Becker processes
barrel sampler or coring techniques. The outside diameterare patented. Work can be performed under contract with
(OD) of the casing ranges from 14 to 61 cm (5-1/2 to Becker Drilling, LTD.
24 in).
(3) Eccentric reamer system Another patented

Figure 3-4 is a photograph of the Becker hammer drill. hammer drilling system is the eccentric reamer, or ODEX,
Figure 3-5 is a schematic of Becker hammer drilling system. Drilling action consists of rotation plus percus-
and/or sampling operations using reverse air circulation.sion. The principal drilling equipment consists of a pilot
A schematic diagram of the double-wall casing with bit with a bearing surface on which the reamer rides and
reverse air circulation for removal of cuttings is illustrated an eccentric reamer which is used to drill the borehole
in Figure 3-6. Figure 3-7 is a photograph of several openlarger than the OD of the casing. Both the reamer and
bits. Typically, the OD of Becker bits ranges from 14 to the pilot bit are fitted with carbide cutting inserts for
23cm (5.5 to 9.0 in.), although the 17-cm (6.6-in.) drilling purposes. An eccentrically placed hole in the
diameter is commonly used for the Becker penetration testreamer permits the reamer to be twisted in or out (with
(BPT). Figure 3-8 is a photograph of a plugged bit which respect to the pilot bit shaft), depending on the direction
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of rotation of the shaft. Stop lugs are used to hold the of the rig. Downward force is applied by a chain or
reamer once it has been positioned. Foam drilling fluid is hydraulic pulldown mechanism. During drilling opera-
sometimes used to lubricate the sidewalls of the boreholetions, the auger is pulled to the surface after it has been
so that the casing, which follows the bit and reamer, will filled. To empty, the drill is pivoted on a turntable on the
slide more easily into the borehole. Foam may alsotruck bed. When it has been moved away from the bore-
enhance the removal of cuttings from the borehole. hole, the auger is spun rapidly to discharge the cuttings.

Two types of air hammers are available. A downhole Small motorized auger drills are used in inaccessible
hammer is attached directly to the pilot bit. For this areas. They are useful for obtaining a limited nhumber of
system, a special casing shoe is required to transfer thdwoles in a hurry. These drills are handheld or can be
energy from the hammer to the casing to “pull” it down. mounted on a mobile stand. Most portable drills are
Center rods which are the same length as the casing secapable of reverse augering.
tions are used to rotate the pilot bit and reamer during
drilling operations. Rotation of the casing is prevented, The bucket auger rig, which is a form of the rotary drill
although the hammer, casing, and drill bits move down- rig, uses a ring gear drive to supply rotary torque to the
ward in unison. If a top hammer drive is used, the ham- bucket. The ID of the ring must be sufficient to allow the
mer is attached at the top of the casing string and isbucket to pass through. The drive bar in which the kelly
connected to the pilot bit and reamer by drill rods. Dur- slides fits into two slots at 180 deg apart on the drive
ing drilling operations, all components are moved down- ring. Torque from the kelly is transmitted through the
ward in unison. However, only the pilot bit and reamer drive bar to the drive ring. For this type of drilling rig,
are rotated; rotation of the casing is prevented. the kelly is usually square with two or three telescoping
sections which can be extended to 25 m (82 ft) or more.
To operate, the bit is rotated clockwise to swing the To fill, the bucket is rotated. When it is full, the bucket
reamer to the correct position; a sharp counterclockwiseis raised and pulled through the drive ring by a cable. A
rotation of the drill bit through the drill string swings the dump arm is used to pull bucket away from the rig. A
reamer back over the pilot bit for removal from the bore- photograph of a bucket auger drill in operation is pre-
hole. No samples are obtained by this method of drilling, sented in Figure 3-10. A variety of types of bucket
although a rough idea of the material can be obtained byaugers are available for specific tasks. A discussion of
observing the cuttings. This method of drilling is useful the types of buckets is presented in paragraplal.7-2
for penetrating loose overburden material to access more
competent underlying formations. f. Other drills A large number of other drills,
including electric arc and electric beam drills, explosive
e. Auger drills Auger rigs employ a basic rotary and jet drills, implosion drills, and laser drills are in
drilling technique in conjunction with various types of experimental stages of development and therefore are not
augers to advance the borehole. The parts of an auger rigliscussed herein. Details of these drills are reported by
are virtually the same as rotary drilling rigs except a kelly Maurer (1980) and other references. Only those drills
is not needed. The auger is attached directly to the rotarywhich are currently used for civil engineering purposes
drive or spindle. When an auger rig is needed for rotary are discussed.
work, a chuck is installed above or below the spindle and
a kelly rod is inserted through the hollow rotary spindle. (1) Remote control drill Drilling by remote control
Most auger rigs use an hydraulic pulldown drive mecha- methods has received much interest, especially for investi-
nism. These rigs are usually equipped with long or tele- gations of sites such as munitions dumps or areas which
scoping hydraulic cylinders which permit a drive or stoke are suspected of being contaminated by hazardous or toxic
of 1.8 m (5 ft) or more. wastes. For remote control drilling operations, air cylin-
ders or electric motors are attached to the operating levers
Large auger rigs are usually mounted on a crane or truck.of the rig and to the remote console. The function of the
Augers and belling buckets are used for drilling large- remote control system is to advance or withdraw drilling
diameter holes. If a crane is used, no downward forcetools or samplers from the borehole. Other drilling func-
can be applied to the auger. The borehole is advanced byions such as making or breaking the drill string must be
relying on the weight of the bucket plus the digging of performed by the crew at the rig.
the teeth. Drilling operations are controlled from the cab
of crane. If a truck-mounted rig is used, drilling (2) Electric motor drill. Electric motor rotary drills
operations are controlled from a position on or at the endare available for use with thin-wall diamond core bits for
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obtaining samples of concrete and rock from difficult A two- or three-letter designation is used to describe
locations. These portable drills can be mounted on a pipedrilling equipment according to DCDMA standards (Dia-

or casing or attached to a rack and base. They can alsanond Core Drill Manufacturers Association, Inc. 1991).

be bolted to a wall or ceiling, such as in a tunnel or drift. The first letter in the DCDMA standard designation, such
Although these drills are generally not adaptable for soil as E, A, or N, indicates the approximate borehole diame-
sampling operations, they can be used to drive smallter for standard steel drill pipe. The second letter, i.e., X
augers. This type of drill is also available in air or gas or W, is the group standardization of key diameters and

driven models. the design standardization of dimensions affecting inter-
changeability. For example, “W” is used to designate
(3) Air track drill. Air track drills are used for drill-  flush joint casing, whereas “X” is used to designate flush

ing shot holes in quarries. These maneuverable drills arecoupled casing. The “X” casing is relatively lightweight
operated by air motors and move about on steel trackstubing with fine threads and is not flush along its ID.
They are air-operated and use percussion plus rotaryThe “W” casing is heavier walled than the “X” casing and
drilling techniques. These drills employ a chain pulldown is machined with coarse threads. It has a box thread at
feed mechanism for advancing the borehole. Air track one end and a pin thread at the opposite end. Box and

drills can be used to drill blast holes at any angle. pin threads on tubular members refer to the placement of
threads on the inside surface and threads on the outside
3-4. Accessories and Appurtenant Equipment surface, respectively. The casing is flush along its ID and

OD and does not require a coupling. The “W” standard
Various types of accessories and appurtenant equipmentasing is relatively new.
are required for soil sampling and drilling. This equip-
ment includes, but is not limited to, drill rods, drill bits, When the three-letter designation is used, the second
casing, portable sumps or mud pits, augers, bailers andetter, i.e., X or W, indicates the group of tools with
sand pumps, and miscellaneous pieces of small equipwhich the equipment can be used. This feature allows for
ment. The following paragraphs describe the equipmentnesting of casing and tools to reach a greater depth with
normally required, excluding hand tools. minimum reduction of the core diameter. In other words,

NX core-barrel bits will pass through flush coupled NX
It should be noted that a great deal of time and conse-casing and will drill a hole large enough to admit flush
guently, money can be saved during the actual drilling coupled BX casing, etc. The third letter, i.e., “G,” “M,”
operations if a little forethought is given to the physical or “T,” is the design letter which specifies a standard
layout of the site and the placement of the equipment in adesign, such as thread characteristics. This feature allows
convenient manner to permit easy access during the drill-for interchangeability of equipment from different manu-
ing operations. Besides the work area required for thefacturers. Table 3-1 presents a letter size designation with
drill rig and circulation system, consideration should also an approximate borehole dimension for drill rods to be
be given to the storage and/or stacking of drill rods, cas-used together with casing, core barrels, diamond bits, and
ing, and other miscellaneous equipment as well as workreaming shells. Table 3-2 presents nominal dimensions
areas for inspection, logging, and temporary storage offor drill rods, core barrels, bits, casings, and accessories.
samples. No standard configurations are offered, how-
ever, as the layout of each site is dependent on the equip- b. Drill rods. The principal functions of the drill
ment involved and the terrain. It is suggested that therods are to transmit the downward thrust and torque from
driller and engineer or geologist should inspect and planthe drill rig to the drill bit and to act as an hydraulic tube
the layout of the site before drilling begins. for the drilling fluid. Unfortunately, there is very little

guidance on the design of drill rods in the DCDMA stan-

a. Standard nomenclature Two standards are used dards. All that is specified is that the rods must be

for the designation of drilling tools, including drill rods, designed to provide a sufficiently strong torque tube
casing, drill bits, and core barrels. Metric standards pre-between the drill rig and the drill bit. The drill rod which
dominate in Europe. The Diamond Core Drill Manufac- must also function as a tube to convey the drilling fluid
turers Association (DCDMA) standards were developed in between the drill rig and the drill bit must have a suffi-
United States, Canada, England, South Africa, and Austra-cient wall thickness to accept the threads of adjacent rods
lia. It is estimated that DCDMA standards account for or equipment and minimize the cross-sectional area to
about 80 percent of the equipment which is sold eliminate weight and reduce cost.
throughout the world (Acker 1974). Therefore, only the
DCDMA standards are discussed herein.
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To satisfy these requirements, drill rods are frequently with sampling operations, the upward pointing jet is desir-
designed as upset tubing rather than as parallel wall tub-able because it causes less disturbance to the underlying
ing. Figure 3-11 illustrates upset and parallel wall tubing. material. When used in conjunction with wash borings,
The use of upset rods provides sufficient material to the downward pointing jet is more desirable because the
accept full threads and thus eliminates unnecessary wallvater jet is helpful in eroding the underlying material and
thickness and weight for the drill rods. Most manufactur- suspending the cuttings in a slurry. Heavy percussion
ers also supply cotton rod wicking for the joints of drill drill bits are shaped with a beveled edge for breaking the
rods. The wicking improves the hydraulic seal at the formation. Several chopping bits are shown in
joints and tends to increase the ease of “breaking” orFigure 3-12.
uncoupling the drill string. Another common design
feature is left-hand threaded drill rods. Left-hand (2) Bits for rotary drilling. Both noncoring bits and
threaded drill rods are useful with fishing tools for “back- coring bits may be used in conjunction with rotary drilling
ing off” drill pipe on equipment lost in the borehole. operations.  Noncoring bits advance the borehole by
scraping and shearing chips of material from the intact
N- and NW-size (60-mm (2-3/8-in.) and 67-mm formation. These rotary drill bits include drag bits, roller
(2-5/8-in.) OD, respectively) drill rods are satisfactory for bits, and diamond plug bits. Coring bits, in most cases,
common soil drilling and sampling operations. Smaller are merely a modification of a noncoring bit. The princi-
diameter rods are more flexible and cannot withstandpal difference between the noncoring and coring bits is
large torques, whereas larger diameter drill rods are stifferthat an annular hole is cut around an intact core by the
and capable of withstanding higher torques but are muchcoring bit. A photograph of several rotary bits is pre-
heavier. For example, the weight of the N- and NW-size sented as Figure 3-13.
drill rods are 76 and 80 Newtons per meter (N/m)
(5.2 and 5.5 Ib/ft), respectively, whereas the weight of the (&) Non-coring bits
HW-size drill rod is 112 N/m (7.7 Ib/ft).
(i) Drag bits Drag bits, such as fishtail bits, bladed
c. Drill bits. A variety of bits are available for bits, replaceable blade bits, and carbide insert bits, can be
drilling and sampling operations. The selection of the bit used for drilling soils and soft rock. A photograph of
is usually dependent on the formation which is to be several drag bits is presented as Figure 3-14. The term
drilled and the purpose of the borehole, i.e., a borehole“fishtail” was originated by Hvorslev (1949). The fishtall
for construction purposes, water well, or obtaining bit resembles a straight chopping bit with a split cutting
samples as a part of a geotechnical site investigation. Theedge. Each half of the chisel-shaped cutting edge is
types of bits include those for chopping and percussionturned slightly in the direction of rotation of the blade. A
drilling in soils and soft rocks and those for rotary drilling variation of the fishtail bit is the bladed bit. This type of
in soils and rocks. Drill bits may be made of hardened bit may have two, three, or four blades or wings which
metal, carbide alloy, or diamond. The material used to have been turned slightly in the direction of rotation. The
construct the bit is related to the intended use for the bit.tips of fishtail and bladed bits are usually made of a tung-
For example, diamond bits are used for drilling hard, sten carbide alloy for wear resistance. Replaceable blade
intact formations, whereas carbide-tipped sawtooth bitsbits have insert blades which are individually replaceable.
may be used for drilling softer, fractured formations. A The blades are usually made of a tungsten carbide alloy
discussion of the use of drill bits in various types of geo- or hardened metal. Jets are directed at each of the blades
logic formations for different purposes is presented in the for cleaning. An example of a replaceable blade bit is the
paragraphs which follow. Hawthorne bit. Carbide insert bits are similar to bladed
bits except the edges are not turned. For these bits, an
(1) Bits for chopping A chopping bit is a steel bit insert is used to form the cutting edge. Carbide insert bits
which is equipped with a hardened cutting edge. Theare available with three or four wings. All bits have large
shape of the bit which is available in common sizes passageways for the drilling fluid.
depends on the material to be penetrated. A chisel-shaped
bit can be used in sands, silts, clays, and soft rocks forDrag bits can be used for general drilling operations in
advancing the borehole or for cleaning casing. The star-most soils and softer rocks. Fishtail and bladed bits can
or cross-shaped chopping bit can be used for drilling andbe used for cleaning casing, starting holes, or drilling in
fragmenting coarse gravel, boulders, and rock. They aresands and clays. The fishtail bit may be equipped with
equipped with upward or downward pointing ports for baffles to divert the drilling fluid upward or downward.
discharge of the drilling fluid. When used in conjunction With upward diverted drilling fluid, the fishtail bit is quite
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suitable for drilling to the top of the soil to be sampled. and is ideal for drilling hard rock and vertical holes in
Finger-type drag bits can be used for general drilling rock of varying hardness. The point tends to minimize
purposes and are satisfactory for advancing boreholes irvibrations and hole deviations which allow straight, deep
soils in which a slight disturbance below the bit caused by holes to be drilled. The taper-type bit is used for drilling
the jetting action of the drilling fluid is permissible. The very hard rock and for reaming undersized holes. The
configuration of this type of bit makes it impractical to shape of the taper bit also tends to minimize vibrations
divert the drilling fluid away from the bottom of the hole. and hole deviations.
Finger-type drag bits are frequently used as the cutting bit
for helical augers. However, drilling fluid is not used (b) Coring bits Coring bits are used for cutting an
when auger drilling is conducted. Three- or four-bladed annular hole around a pedestal of soil or rock to be sam-
bits are used for drilling in firmer soils, such as hardpan pled. Coring bits include diamond bits, carbide insert
and soft rock. bits, and sawtooth bits. The selection of a bit is usually
based upon the formation or material to be drilled, the
(i) Cone and roller bits Cone bits and roller bits are cost or availability of various drill bits, and the rate of
used for drilling materials containing rock lenses, large advancement of the borehole using a particular bit. For
gravel, and rock formations. Cone-type bits are designedexample, the cost of a diamond bit for drilling a very hard
with two or three cones. Roller-type bits consist of two formation may be offset by a more rapid rate of advanc-
rollers on a horizontal axes and two rollers on an inclined ing the borehole. A carbide may be selected for drilling a
axis; the horizontal rollers are mounted perpendicular toseverely fractured formation; the cost of a damaged car-
the inclined rollers. These bits have teeth milled on the bide bit would be substantially less than the cost of a
surfaces of the cones and rollers which rotate as the bit isdamaged diamond bit. Diamond bits include the “hand-
turned. The spacing and height of teeth is varied for theset” or “surface-set” diamond type and the “diamond-
type of material to be drilled. For softer materials, larger impregnated” type. Hand-set diamond bits are used for
and fewer teeth are used, whereas shorter and mordalrilling very hard, intact materials, whereas diamond
closely spaced teeth are used for drilling harder materialsimpregnate bits are used for driling more abrasive or
The teeth are interfaced so they become self-cleaningfractured materials which would tend to dislodge the
Air, mud, or water can be used as the drilling fluid and is diamonds on a hand-set bit. Carbide insert bits can be
discharged at the bottom of the bit. Photographs of typi- substituted for diamond bits for most soft to medium-hard
cal tri-cone bits are presented in Figure 3-15. drilling operations. Sawtooth bits can be used for soft,
fractured, or friable materials.
To be used efficiently and effectively, a large downward
pressure must be applied to the drill bit. Unfortunately, (i) Diamond bits The selection of a diamond bit
large downward pressures cannot be supplied by convenshould be based upon the experience of the driller and/or
tional drilling rigs. Nevertheless, roller bits are used for the guidance of the manufacturer. When a diamond bit is
many geotechnical investigations, especially when harderselected, variables such as the quality and size of the
materials are encountered. In general, the two-cone bit isdiamonds and the design of the bit, including the face or
used for medium soft formations, fractured rock, and crown shape, the characteristics of the bit matrix, the
cleaning out casing. The three-cone or tricone bits arenumber of waterways, the diamond pattern, etc., should be
used for harder rock. Tricone bits provide smoother considered. The description of the bit should specify the
operation and are more efficient than the two-cone bit. core barrel size, the core barrel group, design of the core
Of these bits, the tricone bit is most frequently used. Thebarrel, the grade and size of the diamonds, the type of
costs of tricone bits are greater than the costs of drag bitsmatrix, and the number of waterways. The description
although the costs can be offset by a more rapid rate ofshould also indicate whether the diamonds in the drill bit
advancement of the borehole. The principal disadvantageare impregnated or hand set. Additional details of
of tricone bits is that these bits cannot be used with greatdiamond bits can be obtained from the U. S. Army Corps
success in materials which contain a large percent ofof Engineers (1959), Southwestern Division Laboratory, in
gravel. a publication entitled “Program for Central Procurement
of Diamond Drilling Tools” as directed by Guide Specifi-
(ii) Diamond plug bits Diamond plug bits are non- cation CE-1205 and ER 715-1-13. A photograph of a
coring bits which are used in rock formations. The shapetypical diamond coring bit is presented in Figure 3-16.
of the diamond plug bit is concave, pilot, or taper. The
concave bit is least expensive and ideal for drilling in soft (i) Carbide bits Carbide bits can be used in much
rock. The pilot bit has a lead section of smaller diameter the same manner and for the same purposes as diamond

3-10



EM 1110-1-1906
30 Sep 96

bits. Two types of carbide bits are available. Standard coupling is equipped with pin threads at each end. The
carbide bits use carbide inserts which are mounted on thé'W” casing is designed with a flush joint and uses coarse
cutting edge of the drill bit. Because of the coarseness ofthreads. It is machined with a pin thread on one end and
the inserts, very large stresses may be exerted on tha box thread on the other end. The principal advantage of
formation which would tend to disturb or fracture the the “X” casing is that it is lighter weight than the “W”
formation ahead of the bit. Pyramid carbide bits are lesscasing. However, the “W” casing is thicker walled and is
likely to chip when subjected to a sharp blow. These bits more robust than the “X” casing.
are suggested for drilling fractured formations. A photo-
graph of a standard carbide insert bit and a pyramid car-Casing can be advanced by driving or “drilling” it to the
bide bit is presented in Figure 3-17. In general, carbidedesired depth. If the casing is driven, the driving ham-
bits are less expensive than diamond bits. They have namer, a driving shoe, a driving guide, and an assembly to
salvage value and therefore are used to destruction. Sinceull the casing are needed. Drilling the casing into the
carbide bits are not as hard as diamonds, they are limitedground requires the use of a casing shoe or a carbide,
to drilling softer formations or must be used with a slower sawtooth, or diamond casing bit, depending on the geo-
rate of advance. Frequently, the slower rate of drilling logic conditions. In addition to the casing and shoe or
may offset the higher cost of the diamond bit. bit, a water circulation system is also needed to remove
material from the casing. It is preferable that the drill is
(i) Sawtooth bits A photograph of a sawtooth cor- equipped with a hydraulic pulldown drive and has a drill
ing bit is presented in Figure 3-18. This bit is equipped head and spindle which is large enough to pass the casing
with coarse, hard steel teeth which provide tough cuttingthrough the drill head. If the casing will not fit through
surfaces that can withstand a great deal of shock. Thethe drill head, a drill rod and sub can be attached to the
sawtooth bit has a high clearance and can be used focasing; this method is tedious because short lengths of
drilling hard soil or soft rock provided that a good supply casing must be used. Additional information on the
of water is available to remove the cuttings. Abrasion of placement of casing is presented in paragraphb 6-2
the steel teeth limits the use of this bit to relatively soft and 8-b.
formations. The sawtooth bit is fairly inexpensive.
e. Portable sumps For rotary drilling operations in
(c) Casing bits and casing shoe bitsThe principal  which drilling mud or clear water is used, mud pits are
differences between casing bits and casing shoe bits ar@eeded for capturing the drilling fluid as it is returned
the design. Casing bits have cutting edges on the inneffrom the borehole. The mud pit must also function as a
and outer surfaces of the bit. The reduced inside diametesettling pit for the cuttings which are suspended in the
of the casing bit caused by the addition of a cutting sur- drilling fluid. Either portable sumps or dug pits can be
face will not allow the passage of a standard coring bit of used for these purposes. See paragraph 4-4 for a discus-
the same size or letter. As this characteristic or featuresion of the requirements of the mud pit. Generally, porta-
implies, the casing and casing bit must be removed andble sumps are more convenient and economical than dug
the casing reset before drilling and sampling through thepits.
casing can be conducted. Casing shoe bits are used when
drilling through the casing is planned. A cutting surface f. Surface casing The function of the surface cas-
is not provided on the inside of the bit. ing is to minimize the erosion caused by the drilling fluid
and to prevent the borehole from “cratering” at the sur-
d. Casing Dirill casing can be used to stabilize and face. A suitable collar is a short section of casing, i.e.,
prevent caving of material into the borehole. Whenever 0.6 or 1.5 m (2 or 5 ft), which can be driven or spun into
temporary casing is required, a tube with flush inside andthe ground before the drilling has commenced.
outside joints is advantageous and is usually quite simple
and economical to make. A metal tube, such as a thick- g. Augers Augers are used primarily for general
walled steel pipe, can be cut with a taper on the diameterexploration, advancing and cleaning the borehole, and
of about 3 cm/m (3/8 in./ft) and machined with coarse drilling accessible borings. Augers are also used for
square threads; this design provides a strong flush jointvarious construction operations, such as drilling drainage
that makes and breaks easily. wells and excavating for piers and caissons. Disturbed or
undisturbed samples can be obtained from boreholes
Two DCDMA standard series of casing are available. advanced by augering methods. However, disturbed sam-
The “X” casing is flush coupled tubing with fine threads. ples may not be representative of the in situ deposit
The casing is equipped with box threads at each end; thebecause materials may have segregated during the
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augering process or may have been contaminated withdisadvantage of sampling by auger methods is that sam-
soils from different depths. The quality of undisturbed ples are highly disturbed and soils from different strata
samples may also be questionable as a result of stressan be mixed. Because of the potential for mixing of
relief, especially if drilling mud is not used to stabilize the soils from different strata, stratigraphic logging using
borehole. Augers cannot be used for soils in which the cuttings from auger borings is extremely difficult. An
gravel particles or rock fragments are greater than approx-exception exists, however. When a hollow-stem auger is
imately one-tenth of the diameter of the hole. used, the center plug can be removed at any time and
either disturbed or undisturbed samples can be obtained
(1) Hand-held augers Hand-held augers include the with conventional sampling equipment. Large bucket
Iwan auger, which is commonly referred to as a postholeaugers can also be used for drilling large-diameter bore-
digger, and small helical augers, such as the ship augeholes which will permit a man to enter and obtain
and open spiral or closed spiral augers. The lwan augethand-carved samples. The limiting depth for power
ranges in diameter from 8 to 20 cm (3 to 8 in.) and can augering is usually controlled by the power which is
be used in stable cohesive or cohesionless soils above theequired to rotate the auger or the depth to the ground-
water table. The ship auger is most effective in cohesivewater table. For continuous flight augers and bucket
materials. It ranges in diameter from 5 to 9 cm (2 to augers, the limiting depth is about 30 m (100 ft). For
3-1/2 in.). Open- and closed-spiral augers were developedhort-flight augers, the depth is limited to the length of
for soils in which poor recovery was obtained using the the kelly on the drill rig, which is about t6 m (10 to
ship auger. These augers generally work well in dry 20 ft), depending on the particular device.
clays and gravelly soils. Open- and closed-spiral augers

are available with an outside diameter of 5 cm (2 in.). A (a) Bucket augers The bucket auger is an open top
photograph of Ilwan-type posthole augers is presented inmetal cylinder with one or more slots in its bottom which
Figure 7-1. permit soil to enter as the bucket is rotated and downward

pressure is applied. The slots are reinforced and are
The hand-held auger consists of an auger blade attachedsually equipped with teeth or a cutting edge. To operate,
to one end of a pipe and a crossarm attached to the othethe bucket auger is attached to the kelly rod. It is driven
end of the pipe. A 2-cm- (3/4-in.-) diam pipe is com- by a rotary table. Rotation and downward pressure are
monly used although a larger diameter pipe can be usedised to fill bucket. When the bucket is full, the rotation
for deep holes. Extensions can be added to the pipe ass stopped and the bucket is lifted from the borehole.
needed. The maximum depth which can be probed withWhen the bucket is clear of the borehole, it can be emp-
the handheld auger is about 9 to 10 m (30 to 33 ft). Totied by tipping. Some buckets, such as the Vicksburg
sample, the auger is rotated as downward pressure ifinged auger which is shown in Figure 7-2, are equipped
applied. When the blades are full, the auger is withdrawnwith hinges and a trip release which allow the bucket to
from the borehole and dumped. For most soils, the sam-be opened for dumping. The principal advantage of the
ple is satisfactory for identification and classification tests. bucket auger is the rapid excavation of small- or large-

diameter holes to relatively great depths. The principal

(2) Power augers The principal differences between disadvantage is that most bucket augers cannot be used

power-driven augers and hand-held augers are the rigidityfor drilling cohesionless materials below the water table
and robustness of the power equipment and the size andr to sample gravelly soils.
depth of samples which can be obtained. For example,
barrel and bucket augers are a modification of the Iwan- (b) Flight augers The flight auger is the most com-
type auger. Disk augers and solid- and hollow-stem flight monly used power auger. It consists of one of more
augers are helical augers. Spoon augers are similar tdlights of helical or spiral fluting attached to a torque bar.
closed-spiral augers. The diameter of power augersHence, the respective auger is called “single-flight” or
ranges from approximately 5 to 244 cm (2 to 96 in.). The “continuous-flight.” Likewise, the torque bar may be
depth of samples obtained with power equipment cansolid or hollow, which explains the terms “solid-stem” or
exceed 30 m (100 ft) or more, depending upon the “hollow-stem.” One end of the torque bar is connected to
groundwater conditions and the type of equipment whichthe drill, and the other end can be fitted with a pilot bit
is used. Barrel, bucket, and flight augers are discussed irand cutting teeth or some other type of bit for ripping the
Chapters 5 through 8 of this manual. material to be drilled. The spiral fluting acts as a plat-

form for removal of cuttings to the surface.
In general, power augers can be used wherever the bore-
hole is stable and will remain open. The principal
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The diameters of solid-stem flight augers range from the groundwater table. The ID of hollow-stem augers
57 mm (2-1/4 in.) to 1.2 m (48 in.), or larger, although ranges from about 7 to 30 cm (2-3/4 to 12 in.). The
flight augers with diameters to 30 cm (12 in.) are the principal advantage of hollow-stem, continuous-flight
most common. A table of common sizes of flight augers augers is that the auger serves as a casing for sampling
is presented in Chapter 5. The principal advantage ofsoft or unstable soils. Furthermore, it is likely that less
solid-stem flight augers is that a minimum number of disturbance to the formation is caused by augering than
tools is required to advance the borehole. These augerdy driving casing. The principal disadvantage of the
can be used for drilling in stable soils, including gravel hollow-stem auger is the cost and size of the equipment
and soft rock. They do not work well for drilling in hard which is required to operate the auger. Small tools which
cemented materials. Solid-stem flight augers cannot beare needed for handling auger stems include the auger
used for drilling cohesionless materials below the water holding fork shown in Figure 3-19.
table because the material tends to wash off the auger
flights and the holes generally will not remain open. h. Bailers and sand pumpsBailers and sand pumps
are used for removing material from boreholes, especially
The hollow-stem auger consists of a section of seamlesdn conjunction with churn and percussion drilling opera-
tube which is wrapped with spiral flight. It is fitted with tions. Bailers are fairly easy to operate and are satisfac-
an adapter cap at its top and a center plug and cutter heatpry for bailing water and soft materials from below the
at its lower end. The cutter head is connected to the drill water table in cased boreholes if agitation in the bottom
rig by drill rods which attach to the adapter at the top of of the borehole is permissible. Where agitation must be
the auger. The cutter head may be equipped with finger-minimized, a sand pump should be used. Unfortunately,
type bits for general drilling, fishtail bits for drilling cohe- the cost of a sand pump is greater than the cost of a
sive materials, or carbide teeth for drilling in hard or stiff bailer. The diameter of the borehole made by either of
deposits. The adapter cap is designed to hold the centethese devices is approximately 2.5 to 5.0 cm (1 to 2 in.)
plug in place as the auger is advanced. It ensures that th@reater than the diameter of the apparatus.
center stem and bit rotate with the auger. When drilling
and sampling with the hollow-stem auger, the hole is (1) Sand pump A sand pump consists of a tube
usually advanced with the center plug and stem in place,equipped with a plunger or piston located inside the tube.
although the center plug may be omitted for certain soils. The bottom of the tube is equipped with a flap or valve
The hollow-stem flights and center stem can be added ador retaining material in the pump. The bottom of the
necessary. At the desired sampling depth, the center sterfube may also be equipped with a sawtooth bit, especially
and plug can be removed and sampling may be conductedf the material must be broken prior to its removal from
through the hollow stem of the auger. The hollow stem the borehole. To operate, the plunger is moved up and
serves as casing. down to create a suction. The suction causes the slurry
and cuttings at the bottom of the borehole to flow into the

Two types of connectors are used to connect stems ofube through openings in the sidewall and the bottom. To
continuous-flight augers. Screwed joints are easy to con-€mpty the cuttings from the tube, the plunger is removed
nect and form a watertight, rigid, stiff connection. The and the pump is inverted or the valve must be removed.
disadvantages are that the auger cannot be operated in

reverse and the stems may be difficult to disconnect,  (2) Bailer. A bailer consists of a pipe with a valve
especially if soil particles become wedged in the threadsat its lower end and a bail at its upper end. The bail is
or the threads become worn or damaged. Splined jointsused to provide a connection for the cable line on the rig
transfer torque between auger stems by an octagonaYVhiCh is used to operate the bailer. A valve is needed to
socket and shank jaw coupling or a straight keyed coup-retain the material in bailer as it is lifted to surface. Two
ling. Tension is transferred by a removable threaded settyPes of bailers are available.

screw or pin. Splined joints are fairly easy to connect

and disconnect, although they may be somewhat difficult (&) Flat valve bailer  The flat valve bailer is

to align during assembly. They can also transfer a equipped with a flat valve which opens to receive material
reverse torque between the auger stems. The principa®s the bailer is lowered and closes as the bailer is lifted.
disadvantages are that the joints are not watertight andl© operate, the device is lowered to the bottom of the
must be cleaned regularly before assembly. If O-ring borehole and then is moved up and down a few inches to
seals are used to effect a watertight seal, the O-rings mus€reate a pumping action. When the bailer is full, it is
be replaced frequently because of wear. The hollow-stemrémoved from the borehole and must be turned upside
auger can be used in loose cohesionless deposits beloWown to empty.
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(b) Dart valve bailer The dart valve bailer is spear has been seated in the drill rod, it is rotated until
equipped with a valve which is shaped like a dart. One the threads grip the rod. The die or overshot is analogous
end of the valve is a flat plate and the other end is shapedo a funnel with die-type threads on its inside. This tool
like a cone. To operate, the bailer is dropped to the bot-is slipped over the drill rod and rotated until the threads
tom of the borehole. When the dart strikes the bottom of grip the rod.
the boring, the flat plate lifts the cone-shaped valve from
its seat and allows slurry to enter the bailer. When the j- Miscellaneous hand toals Miscellaneous hand
bailer is lifted, the cone-shaped valve drops into its seat totools, such as hoisting plugs or swivels, foot clamps and
retain the material. To empty the bailer, the dart is holding irons, and assorted wrenches are needed for
touched on the ground which opens the valve. If valve assembling or disassembling and lifting or lowering the
becomes stuck, the bailer can be turned upside down tadrill string or casing. A hoisting plug, which is shown in
empty the material. Figure 3-19, is a ball-bearing type swivel which is used

for lifting or lowering the rods or casing. Foot clamps

i. Fishing tools Whenever a string of drill rods or and holding forks may be used to suspend the tools and
a drill bit is lost in a borehole, such as when the drill drill string in borehole. Foot clamps are more widely
string is dropped or the bit is sheared from the drill rod, used than holding irons, although they are used less exten-
tools are used to recover this equipment from the bore-sively in conjunction with wireline drilling. Holding irons
hole, if possible. A special device, called a fishing tool, take less time to set up than foot clamps, although it is
is attached to the bottom of a section of drill rod and is more likely that the drill string may be dropped into the
lowered to the elevation of the top of the lost equipment. borehole when holding irons are used. Assorted wrenches
The drill rod is then raised and lowered and hopefully can are needed to assemble and disassemble the drill rod and
be used to make contact with the lost equipment. drilling tools. Pipe wrenches can be used for drill rods or

casing, chain wrenches or tongs are frequently used for
Two types of fishing tools are available: a spear or tap larger diameter pipe and casing, and strap wrenches are
and a die or overshot. The spear is a long, slenderused for polished tubing and bits. Parmalee wrenches
pointed tool with tap threads on its periphery. When the should be used for double tube core barrels.

Table 3-1
First Letter Hole Size Relationships for Compatibility of Drilling Equipment (After Diamond Core Drill
Manufacturers Association, Inc. 1991)

Hole Diameter

Letter Millimeters Inches
R 25 1

E 40 1-1/2
A 50 2

B 65 2-1/2
N 75 3

K 90 3-1/2
H 100 4

P 125 5

S 150 6

U 175 7

Z 200 8
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